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Table 1 Chemical composition of TA15 titanium alloy powder (/%)
Al Mo Si \Y Zr Fe C o N H Ti
6.7 1.7 0.02 2.3 21 0.04 0.01 0.11 0.01 0.003 Bal.

*2 KEREEWMAFCRLESEBRENS=E
Table 2 Carbon and boron contents of the ball-milled

powder (/%)

Specimen B C
TMC1 0.56 0.25
TMC2 0.83 0.44
TMC3 1.2 0.84
TMC4 1.6 1.31
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Fig.1 Morphologies of raw material for LDMed titanium matrix composites: (a) B4C powder, (b) TA15 alloy powder, and (c) the
ball-milled powder of TMC3
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Fig.2 Microstructures of titanium matrix composites: (a) TMC1, (b) TMC2, (c) TMC3, and (d) TMC4

%3 [ 2 PEAFERERLER S 23 BMEE
Table 3 Chemical composition of the zones indicated by the R A M RE R AR A F i ] 5 B
arrows in Fig.2 (w /%) HHIE 5 AT W, 4 FhERIE S -5 00k SRl FE 35 B 5

TR B AEEE, BE S TMCL BIKE 5 TMC4 1) 55 i faf
J%, BEE B LR M C o E R & Bk g &, BVR
1 11.05 209 214 8322 15 LA I TiC AT TiB 1Y A S 25 1S hn 28 4R & 6 1 2.
TR, FLBE G s AH 3, R AEE R 2. &
TR IR G g AH G 22, HLOREO M T3k, 2 38
3 1.56 170 362 7648 134 < S R 3 0 AR A TR A
2.4 THEMEE

241 FKRERDH

Zones B C Al Ti \Y/

2 10.64 1.42 3.23 82.54 2.17

4 0.96 10.09 4.12 82.33 2.49

5 14.25 1.44 1.55 82.75 —
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Fig.3 XRD patterns of titanium matrix composites

0B a 038 b

B Mole Fraction

B content, w/%

IT+TiB=ThC

$ 1L

L+fTi

ﬂ; 200 u,’\. ().)E 0.3

Ti CContent, % C Ti C Mole Fraction C

4 Ti-B-C = oAk Z AR th 552 AT 1400 °C 45 i 4 1
Fig.4 Liquidus projection (a) and 1400 ‘C isothermal section (b)
of Ti-B-C ternary system
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Fig.5 Microhardness of substrate and TMCs
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Fig.6 Friction coefficient curves of substrate and TMCs
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Fig.7 Worn morphologies of substrate and TMCs: (a) substrate, (b) TMC1, (c) TMC2, (d) TMC3, and (e) TMC4
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Microstructure and Wear-resistant Properties of in situ TiB-TiC Reinforced Titanium
Matrix Composites by Laser Deposition Manufacturing

He Bo®, Lan Jiaojiao®, Yang Guang? Wei Hua®
(1. School of Mechatronics Engineering, Shenyang Aerospace University, Shenyang 110136, China)
(2. Key Laboratory of Fundamental Science for National Defence of Aeronautical Digital Manufacturing Process,
Shenyang Aerospace University, Shenyang 110136, China)
(3. Nanjing Technique University, Nanjing 211800, China)

Abstract: The TiB-TiC reinforced titanium matrix composites (TMCs) were manufactured by Laser Deposition Manufacturing (LDM)
technique with the ball milled TA15+B4C powders with different contents of B and C elements. The microstructure and wear-resistant
properties of the prepared TMCs were studied by XRD, SEM, EDS, hardness test and wear resistance test. The results reveal that in the
prepared TMCs, there are two types of reinforcement, namely the TiC reinforcement with near-equiaxed shape and the TiB reinforcement
with whisker or prismatic shape. With the increase in the reinforcement content, the hardness of TMCs improves, the friction coefficient
might be unchangeable and the wear mass loss increases first and then decreases. Compared with the substrate, the TMC containing 1.2
wt% boron and 0.84 wt% carbon shows better wear-resistant properties. The wear mechanism of the prepared TMCs involves the abrasive
wear and a small amount of oxidation wear.

Key words: titanium matrix composites; laser deposition manufacturing; wear-resistant properties
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